Abstract: This paper is on improvement in
Introduction
In this paper, the study of hot bar quenching process has been investigated. In order to predict the effect of noise factors and signal on response factor of water quenching process. The controlling parameters such as water pressure, speed of rolling, Cooling rate and Finish rolling temperature of bar were the four independent factors and each of them have three levels were considered for DOE and the response was yield strength. An orthogonal array-L 9 had been used for the experiment. Here we used DOE by Taguchi method of orthogonal array to find the effect of parameter on Yield strength. Before conducting the experiment, the quenching setup was made ready with all respect to conduct experiment. The experiments were conducted and experimental data was recorded and analyzed by excel statistical method. The graph of main effect plot of factors was drawn, which was used to find the main effect on response. The parameters were controlled properly to minimize variation in yield strength and obtained the desired quality of bar. Here it is found that water pressure had the largest effect on the yield strength. The water pressure was controlled at different level for many experiments as per L-9 array and yield strength for each experiment was noted. The experimental data analyses were done by Minitab Statistical software. We found the optimum level of parameters setting to get optimum level of Yield strength. For this action plan was designed to control water pressure to a specific level as per the conclusion of this experimentation. Then the action plan had been implemented. The deformed bar were produced and checked for its quality; we found satisfactory quality steel bar having optimum Yield strength. The conclusion has been found that the cooling rate affects on yield strength, but cooling rate is controlled by water pressure which is operated using control valve. Hence water pressure has been controlled in quenching process to get the desired quality with minimum variation from standard value. The bar of 8 mm was produced by controlled rolling and quenching process. Speed of rolling was kept constant and PLC control water pressure valve was used instead of manual control valve for controlling the water pressure.
II. Cooling system
For the given operation conditions, the temperature and its distribution within the bar entering into the quenching play the crucial role in controlling the mechanical properties of the steel bar such as yield strength. Hence understanding of the cooling system is essential. There are three types of most frequently used cooling system in hot rolling; water jet cooling system, water spray cooling system, and mist cooling systems. [3] It is found that, the yield strength depends on cooling rate. Hence to control cooling rate we made the modification in the present system. The water pressure need to be controlled according the speed of rolling of bar and temperature of bar before entering the quenching system. Fig.1 shows the cooling system having water injector, a cooling tube, and a water stripper. As per size of bar to be produced, the length of cooling pipe is selected and the speed of rolling is controlled accurately. Fig.2 , shows water pressure control valve in cooling system, the primary and secondary valves are used to control the water supply, another valve is used to control the air supply of the cooling system which helps to dry the rod surface after quenching process. Cooling elements operate according to the continuous flow principle. Water supply is provided with two nozzles located one after another. A chamber is provided in front of the nozzle chamber in cooling system.PLC operated valve on the return line makes it possible to adjust the auxiliary water flow accurately. Upon proper adjustment of valve water flow rate will remain constant. The guide pieces lead the rolling stand and cause turbulence in the cooling medium. The backwater chamber is connected to the venturi guide and most of the cooling water is being discharged upward through a bend. A deflection chamber is the end portion of the cooling element, where pressurized water is conveyed downwards. An air stripper is placed on the exit side of the tube and cleans out a visible vapor film dragging on the outgoing stock surface from the tube. For the water stripper valves, one is used for lower pressure water stripper and the other for a higher pressure water stripper. A water injector valve is placed between them. [2] The cooling rate of stock in the cooling system of the bar mill depends on various operation parameters such as stock size, stock delivering speed, stock temperature, water flow rate, nozzle size, and nozzle shape. Since the governing heat transfer equation for the heat exchange between the cooling water and the hot stock is well established, this typically involves a combined radiation and convection heat transfer. There are some reports that review experimental means of measuring heat-transfer coefficients and summarizing the equations for the heat transfer coefficients that can be used in the hot rolling process. [4] In the quenching process, there are three stages of cooling as follows. Vapour-blanket cooling stage in which, the temperature of bar is so high that the quenching medium is vaporized at the surface of metal and a thin stable film of vapour surrounds the hot metal. Bar is cooled by conduction and radiation through the gaseous film and since vapour films are poor heat conductors, the cooling rate is relatively slow through this stage. Vapour transport cooling stage starts when the metal has cooled to temperature at which the vapour film is no longer stable.
The vapour-blanket is broken intermittently which allows liquid to touch the hot metal at one instant but soon being pushed away from it by vapour bubble. The bubble escape from the surface and the liquid touches the hot metal again. In this stage, since hot metal surface is wetted by the quenching liquid, violent boiling occurs on the surface of metal being cooled. Very rapid cooling takes place in this stage that soon brings the metal surface temperature below the boiling point of the liquid. Liquid cooling stage is the third stage begins when the metal surface temperature just reaches the boiling of the quenching liquid .cooling in this stage takes place by simple convection and conduction. The rate of cooling decreases as the temperature of metal falls. The rate of cooling is slowest in this stage. [6] 
Improvement in yield strength by quenching
Yield strength of deformed steel bar depends on hardness of surface achieved by quenching and tempering process. Decremental hardening is the process of increasing surface hardness without change in the chemical composition of the surface. Quenching and tempering process is the heat treatment process which is commonly used in order to obtain tempered martensite microstructure, which has good hardness. After the quenching we get the surface hard due to martensite and core remains soft of bainite. [7] .The cooling rate affects on Yield strength which depends upon surface hardness. The steel bar is at high temperature, when immersed in a water medium, vapour blanket forms at the surface of the steel which slow down the rate of heat transfer from the steel to the medium. Agitation or movement of the steel relative to medium removes the vapour blanket and thus increase the rate of cooling. The parameter selected for experimentation which directly related to cooling process are water pressure ,speed of rolling bar, finish rolling temperature, cooling rate. [3] Quenching and Self Tempering Steel Bars has ferrite and pearlite structure at the core and tempered martensite at the surface is shown in Fig.5 .Hence the bar has hard surface and soft core can helps to increase the yield strength. 
Rapid cooling effect on yield strength
Rapid cooling is carried out in order to obtain martensite in hardened steel. Austenite to pearlite or bainite transformation is suppressed in this process. This means that higher cooling rates will be required only in that temperature range within which unstable austenite decomposes to ferrite-cementite aggregate. Once this range is crossed, austenite will transform to martensite even on slow cooling. Therefore, it is not essential to rapidly cool the steel component throughout the complete range of temperature from hardening temperature to quenching medium temperature. Minimum possible cooling rate will develop the lowest internal stresses in the hardened steel. Large magnitude of internal stresses may either lead to distortion of piece or to the formation of internal or external cracks.
Testing of microstructure of deformed steel bar
The aim of this testing is to investigate 8mm TMT Steel bars before quenching and after quenching process to find the change in microstructure. This change in microstructure after quenching increase its hardness and hence increase its Yield strength. We observed that before Heat Treatment, the surface micro-structure shows Pearlitic phase (dark colour) around ferrite phase (light colour). The structure shows around 15 to 20% pearlite and remaining ferrite. This is shown in Fig.6 (a) and Fig.6 (c).Also we observed that after Heat Treatment, the surface micro-structure shows there is transformation in to martensite and the % martensite is around 40%, remaining untransformed phase like ferrite and retain austenite, the benitic phase are also seen at certain places. 40% martensitic phase led to rise in Hardness and tensile strength. This is shown in Fig.6 (b) and Fig.6 (d) .The tempering process is occurred and the resultant bar structure is of tempered martensite at the periphery and fine grained ferrite-pearlite at the core. The final steel bar cross section is shown in Fig.5 .The Fig.7 (a) and Fig. 7(b) shows the hardness before quenching is 180 to 200HV this is increased after quenching upto 300 to 320 HV. This can help to increase the Yield strength. 
Taguchi method for parameter design
Taguchi"s parameter design method is a powerful tool for optimizing the performance characteristic of a product/ process. The aim of a parameter design experiment is to identify and design of setting of the process parameters that optimize the chosen quality characteristics and are least sensitive to noise (uncontrollable) factors. In the present study, the goal is to evaluate the effects of process parameters on the yield strength and the optimum combination of control factors that would maximize the Yield strength Selection of control factors and their levels were made on the basis of some preliminary trial experiments conducted and also from literature review on the subject. Four control factors such as water pressure, speed of bar cooling rate and Temperature of bar before quenching were selected for the study. Each of the four control factor was treated at three levels as shown in Table1.
III. Design of experiment
The experiments were designed based on the orthogonal array technique. An orthogonal is fractional factorial design with pair wise balancing property. Using orthogonal array design the effects of multiple process variables on the performance characteristics can be estimated simultaneously while minimizing the number of test runs. AnL 9 standard orthogonal array is shown in Table 2 was employed for present investigation. Table 3 represent the layout of the experimental design, which has been obtained by assigning the selected factors and their levels to appropriate column of L9 orthogonal array .This array has 9 rows and 4 columns and each row represents a trial condition while each column accommodates a specific process parameter. Moreover, the notation 3 4 implies that at most 4 factors, each at 3 levels can be investigated using this OA and their main effect can be estimated provided all other interactions are negligible which is assumed in the present case. The numbers in each column indicate the levels of specific factors Wp, CR, Sb and Tb. However, while conducting the experiments the test runs have been randomly made to avoid the unidentified noise sources, which are not considered but could have an adverse impact on the response characteristic. Once the orthogonal array is selected, the experiments are conducted as per the level combinations. The performance parameter under study is noted down for each experiment to conduct the sensitivity analysis. The experimental setup was made ready and conducted the experiments. The data were recorded for analysis.
In the graph, it can be seen that water pressure has the largest effect on the yield strength and that temperature has the smallest effect on the yield strength. From the above experimental analysis, it is clear that the higher the value of delta of an independent variable, the more it has influence on the performance parameter. Once the experimental design has been determined and the trials have been carried out, the measured performance characteristic from each trial can be used to analyze the relative effect of the different parameters. The experiments were conducted and data is recorded and analyzed. 1  1  1  1  1  2  1  2  2  2  3  1  3  3  3  4  2  1  2  3  5  2  2  3  1  6  2  3  1  2  7  3  1  3  2  8  3  2  1  3  9  3  3  2  1 
IV. Results and discussion
Universal Testing Machine has been used to measure the Yield strength of deformed steel bar. Three readings (corresponding to the three replications) are recorded for each experimental condition as shown in Table4 .Conventionally; data from a designed experiment are used to analyze the mean objective, response function. In Taguchi Technique, the variation of the response is also examined using an appropriately chosen S/N ratio. Broadly speaking, the S/N ratio is the ratio of the mean (signal) to the standard deviation (noise).These S/N ratio, derived from the quadratic loss function, is expressed on a decibel (dB) scale. The formula used to compute the S/N ratio depends on the objective function .Generally; three standard S/N equations are widely used to classify the objective function as, "Larger the better", "Smaller the better" or "Nominal the best". However, regardless of the type of performance characteristic a larger S/N ratio is always desirable. In the present study, yield strength is a "Larger the better" type of quality a characteristic since the goal is to maximize the strength. The S/N ratio computing formula for this type of response is
…….. (1) Where "i" is the number of a trial; "Y ij " is measured value of quality characteristics for the i th trial and j th experiments; "n" is the number of repetitions for the experimental combinations. Signal-to-noise ratios are computed using Equation (1) for each of the nine experimental conditions and are reported in Table 5 . Since the experimental design is orthogonal, the factor effect can be separated out in terms of the S/N ratio and in terms of the mean response. The average value of S/N ratio of four control factors at each of the levels are shown in figure 8and from this the levels corresponding to the highest S/N ratio values are chosen for each parameter representing the optimum condition. It is clear from the figure 8 that the optimum levels are A1, B3, C2and D1corresponding to water pressure 10 kgf/cm 2 cooling rate 120 0 C/s Speed of bar 13 mps, Temp of bar 750 0 C.In addition to S/N analysis, main effects of process parameters on the mean response are also analyzed. Thus the average S/N Values for each factor at three levels have been calculated shown in Table5. The analysis of variance (ANOVA) is carried out to study the relative significance of the process parameters. The Table7 shows the computed result of the ANOVA with confidence. The F-ratio and the percentage contributions of the various parameters as quantified under the respective column of Table7 reveal that, water pressure (Wp) and Cooling Rate (CR) have significant effect on yield strength at the 95 % confidence level. However, water pressure has the most significant effect on yield strength as shown by much higher F-ratio (i.e. 90.82) and also percent contribution (i.e.65.24).
Prediction of optimum quality characteristics
From the analysis of S/N ratio and the mean response characteristic, the optimum level of the control factors are determined as A1,B3,C2 and D1.Hence the predicted mean of the quality characteristic (yield strength)has been computed as shows below
The optimum levels of each parameter from mean effect diagram are YS A1 Where, F( , 1, ) is the F-ratio required for 100(1-) percent confidence interval, fe is DOF(Degree of freedom) for error variance, R is number of replication for confirmation experiment and is the effective number of replication.N is total number of experiments [i.e.27] and is total degree of freedom [i.e.8], from ANOVA 
4.2Confirmation test
The confirmation test is the final step in the first iteration of the design of the experiment process. The purpose of the confirmation experiment is to validate the conclusions drawn the analysis phase. The confirmation experiment is performed by conducting a test with a specific combination of the factors and levels previously evaluated. In this study, after determining the optimum conditions and predicting the response under these conditions, a new experiment was designed and conducted with the optimum levels of the quenching process parameters. A confirmatory test was performed after the optimal control factor setting was determined. The confirmatory test is a repetition of the experiment, to investigate Yield strength of steel bar with the control factors set at optimal setting to achieve the predicted quality characteristics. Three trials at the optimal control factor setting were made in confirmatory test are presented in Table 6 . 
Confirmatory test by calculated Yield strength values (YS)

4.4Robust design
A main cause of poor yield in manufacturing processes is the manufacturing variation. These manufacturing variations include variation in temperature or humidity, variation in raw materials, and drift of process parameters. These sources of noise/variation are the variables that are impossible or expensive to control. The objective of the robust design [1] is to find the controllable process parameter settings for which noise or variation has a minimal effect on the product's or process's functional characteristics. For each experiment of the inner array, a series of new experiments are conducted by varying the level settings of the uncontrollable noise variables. The level combinations of noise variables are done using the outer orthogonal array. The influence of noise on the performance characteristics can be found using the ratio [1] Using this result, it is possible to predict which control parameter settings will make the process insensitive to noise factors.
Experimental observation
After obtaining and analyzing the experimental data when steel undergoes water cooling is in setting up the test, an experimentally measured surface temperature decrease in terms of the water pressure on the water filled tube, while the other variables such as stock transporting speed and stock size are fixed. The tube length is 4.9 m. It shows that the bigger the water pressure, the higher the cooling capacity. Also indicate that when the distance between the inside wall of the tube and the bar surface increased, the temperature drop decreases, i.e., the cooling capacity decreases. The cooling efficiency of the cooling system is linearly dependent on the water flow rate supplied to the cooling tube at a critical water pressure, but the temperature drop, i.e., the cooling efficiency, starts slowing down following the critical water pressure. A further increase in water pressure leads to a small additional temperature drop. Hence one may not need to increase the water pressure recklessly to increase the temperature drop of stock during water cooling.
V.
Conclusions The following conclusions has been drawn from the experimental study of quenching process, that the cooling rate of hot bar in quenching process is affected by temperature drop during rolling process, hence the quality deviates from mean. To minimize this effect on response variable that is yield strength, we need to control the water pressure at a level according to temperature drop in rolling process. Also it is concluded that the effect of temperature drop can be controlled by controlling water pressure in quenching process, by keeping the speed of rolling constant. Optimization of process parameters were performed by experimentation using Taguchi Method. The selected process parameters along with their levels for experimentation were as water pressure 10, 12, 14 kgf/cm 2 Cooling rate 80,100,120 0 C/s Speed of bar 11, 13, 15 mps and Temp of bar 750, 800, 850 0 C respectively. The following conclusions have been drawn from the present work. 1. Among the four process parameters ,the water pressure and cooling rate were having significant effect on the quality characters that is YS .More ever water pressure was having the highest contribution of the order 66 % 2. The optimum levels of the process parameters were found to be A1,B3,C2and D1corresponding to water pressure 10 kgf/cm 2 6 . Thus the result of present investigation is valid within the specified range of the process parameters along with their chosen levels and for specific combination of carbon percentage Design of experiment (DOE) using Taguchi method has been applied to improve the yield strength by quenching process for deformed steel bar. Also from micro-structure analysis we conclude that the process of quenching causes hard surface due to martensite structure formed. It has been observed that after quenching, the structure clearly shows the presence of tempered low carbon martensite along with bainite. These two phases are responsible for the increase in the hardness value of deformed steel bar. Hence the Yield strength of bar is improved. It is suggested that the DOE by Taguchi Method is easy and cheapest to use for improvement in Yield strength of deformed steel bar.
Future scope
The process parameter variation can cause the variation in quality, so the future scope of this research will be to control the quenching process parameters of deformed steel bar accurately by using computer control system to minimize variation in process. The research should be done for every size of bar, and for many rolling speeds for variety of steel chemical composition specified by IS-1786 specification. This will help to make robust process design of quenching process to improve quality. The operating data for this process should be made available for all rolling mills to control the quenching process to get always the desired quality of deformed steel bar.
VI.
